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XENON collaboration
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Dual-phase XENON TPC

particle

A.Molinario

time

drift time

A\

\4

\4

A4

\4

\4

S1 prompt scintillation
S2 proportional to ionization

S2/S1 to discriminate nuclear
recoils (NR) and electronic
recoils (ER)

3D position reconstruction

Low energy threshold

Energy reconstruction
combining S1 and S2



Dual-phase XENON TPC

particle

drift time
(depth)

> S1 prompt scinfillation
> S2 proportional to ionization

> S2/S1 to discriminate nuclear
recoils (NR) and electronic
recoils (ER)

> 3D position reconstruction

> Low energy threshold

> Energy reconstruction
combining S1 and S2

Ideal for dark matter and rare processes search 5




The XENON Project a

> All detectors of XENON
Project operated
underground at Laboratori
Nazionali del Gran Sasso
(Italy)

= - 1.4 km rock coverage
LY

| = : (3800 m w.e.) provides
R | 1P d E factor 10¢ reduction of u flux



Recap: search in ER band with XENO

> 285 events observed vs (232+15)
expected (3.3c fluctuation)

Excess observed in 1-7 keV

120 T T T T T

l - > 3’Ar contamination ruled out:
I | l i - It would require too high air leak
“ ‘ - l - best-fit for a mono-energetic

11 [T Ty L1y
[‘-11 i HIIH | | I peak is at (2.3+0.2) keV (YAr peak
40 l ]

100

T

80

is at 2.82 keV)

Events/(t-y-keV)
[=))]
(]
]

[
o
T

e i | - 3H contamination is possible (as

opT— ; | | : tritiated hydrogen HT, not as
o 2| (—— ..t e water)

0 5 10 15 . 20 25 30 , ,
Energy [keV] > New physics can explain the

E. Aprile et al., Phys. Rev. D 102, excess: solar axions or neutrino
072004 (2020) magnetic moment
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Upgrades for XENONNT

A new TPC

> Drift length 1.5 m
(XENONIT had T m)

> Active Xe mass 5.91 (2 1)
> Double the number of PMTs to 494
> Light detection efficiency to 36%

> Carefully selected materials to
mMinimize background

> Feld shaping rings with tuneable
potential

A.Molinario | ] 8



Upgrades for XENONNT

Water cherenkov detector
built around cryostat with 120
PMTs inside an enclosure of
reflective panels

A\

\4

Goal is to tag neutrons which
contribute to background in
WIMP search

Ctbny, R w.] - Now running with pure water,

LT tagging efficiency 68%

-§04 t LI i

£ 0.3 ¢ ] ]

"l s It will be doped with Gd to
increase performances

| T T T T
i 0 5 10 15 20 25

. ‘- . : . . ea threshold [pe]
A.Molinario frea fhrestolde 9



Upgrades for XENONNT

A Radon removal column

5 > 222Rn decay chain is
4 Preliminary MOost prominent source
{ﬂ{* *iH of background at low

rate [uBa/kg]
w

[ YT
LA

14 fit
{  222Rn a-decay

A W energies
i

best fit equilibrium: (1.72 = 0.03) pBq/kg > Nery developed Rn

. ° : removal column
A P S handles large Xe flows
 CEETURRRSRATET T using Rn-free
&2 o | . compressors and heat
0 10 20 30 40 50
days since distillation start (intermediate mode) eXChongerS

RN contamination in first science runis 1.7 uBg/kg

ATy , It will be reduced to <1 uBg/kg
arXiv:2205.11492 10



Upgrades for XENONNT

A new liquid Xe
= 1 ¥ o ‘,j:E :'B‘t' -
5 35z
=il g5 2
£ 20 < e o
© g *
‘o /gi« e | ’,’*# o
: "E.a f
s i W
5 /i
l" 4 2Rn Purity Monitor, 68% quantile
4 B3mKr ——-Fitted line
4 YAr
0 i .
'1,0(1’\'96 1@‘6‘ %me,o% 1@}3‘3 ,LQ’LV@ %@\A\ qp?y\:b
Time [UTC]

> Replaceable filter units and low Rn
emanation, high flow of 2 liters
L Xe/min

> Electron lifetime > 10 ms in science
arXiv:2205.07336 run (maximum drift fime is 2.2 ms) 11



First Science Run - SRO

@7.1 days livetime from July 6, 2021 to November 10, 2021

100

> All'but 17 PMTs

0
working,
-] [ AmBedaia gain stable at 3%
83My - data

> 23 V/cm drift field
> 2.9 kV/cm extraction
field

60

Hotspot

Livetime [days]

40 -

TED \
> Occasional

femporary ramp-
T

20 1

downs of the
anode, due 1o
282_1-05 2021-06 2021-07 2021-08 2021-09 2021-10 2021-11 2021-12 |OCO|izedl high_rGTe’

Date (UTC bursts of electrons
A .Molinario 12




Corrections

Tt | T~ e» 1 - 81andSs2signals get
6 2 [ Lifetime Corrected $2 corrected to fake into
; ) : account position -
S 5F . dependent response of
< f : the detector
g4 ]
g L 1~ ®mKr calibration every
vl ; 2 weeks
s 2F ]
R ] - The corrected signals
1F . cS1 and ¢S2 are then
OE - T e used in the analysis
0 10000 15000 20000

S2[PE] .



Efficiencies

Detection efficiency validated using simulation and dafa-driven methods
Good agreement between the two approaches

Total efficiency takes also event-selection efficiency info account

T S 1.0F

1.0F 2 %R E S E R E ; 5 60
% 3 z * " E Seiagran + Selection
80.8- .............. E - 0.8F i \-50/\
i3 , | otal =
& s ! 440 S
qLT:]' 06F I % 0.6 E i’
g ' = <! 130 5
= B 04fF | o =
483 0.4: [T ... I ................ @: ) (- %)
+ Fiiln fnary B Solar axions
2 02F | B
Q 0.2 I ) - H 410
5 I Waveform Slmulatlon A o

00k« . .......... Data- dr1ven Method 0.0 1 10 102 0

0 5 1 O 1 B . . . Energy [keV? .
Numiberof Photsrs Detasted O Discontinuity due to still-blinded WIMP 14

search region



Calibrations

140000 o gl R ={1.0
_________ Reference Energy
Barsanov et al. (2007)
120000 —— Reconstructed Energy
- Ar37 K Shell Events | %
100000 >
c
c 0.6 %
S 80000 =
ﬂ w
5 60000 _S
8 0.4 E
40000 2
y 0.2
20000,/
b - | | | | | o
1.0 15 2.0 2.5 3.0 3.5 2.0 3.5 5.0
Reconstructed Energy [keV]
60
- f . ’ 44000
> 50 LI, I I ’ >
i~ ! i~
~ 40 H _ l I H IH l + ) ] 117130005
2 30 l’l’”"‘ T ] T S
® A0 42000 o
. 5]
2 20 i } l ‘-' |
{[ ] \ {1000 S
1
o)

Energy [keV]

104 BN ER W AC W Wall

cS2 [PE]

103 Rl

0 20 40 60 80 100

cS1 [PE]
> Two ER cdadlibration sources at low energies

> 3 Ar, mono-energetic peak at 2.82 keV
It validates resolution model and anchors
energy reconstruction of peaks

> 220Rn, whose daughter 2'2Pp provides a flat 3-
spectrum to estimate cut acceptances and
validates our energy threshold



Energy reconstruction

x?-fit H Low energy lines
7 +lc + High energy lines (excluded)
800F Lo
> .« i @A@ A 8'a
.8 ke S @ *ég"zz
107 § 600 - “@@“’;’%ﬁ
EJ__.‘ Preliminary
-------- < 400}
= 1N Yoo
(B R ; | g1=1(0.1515+0.0014) PE/ph 129mx e v Ke
10° ] v A = 200 g;:(16.45ﬂ:0.64) PE/e 236.2keV sime,
— 1 T [ ---oN------eel —i‘é : , ; , 41.5 keV
[ ' 25
251
& O T —
C(;]) g —-25[¢ 1 1 1 1
© 105 E 5 6 7 8 9
[ & L, [PE/keV]
Based on ¥ Ar, 8mKr, 131mXe, 129mXe
104 Energy reconstruction
(combined energy scale)
' Pl
1 10 102 10° 107 10° E=13.7eV | —+ —

cS1 [PE] g1 92 16



Iritium Enhanced Datfaset (1ED)

Events/(t y keV)

—— Total --- %Xe --- 12Xe --- AC » Measures against °H
2UPb  --- Solarv  --- Materials --- ®"Kr - 3 months of outgassing
Kr - All xenon processed through Kr-

[@))]
(@)

I
(@)

N

(@)

Lt removal system
- 3 weeks of GXe circulation

> After SRO, XENONNT was operated
iNn a mode that bypasses the
purification of the gaseous Xe
volume for 14.3 days (TED)

> This would enhance the HT
concentration in LXe by a factor

_ 10-100
PR [T T T [N TN TR TR (NN TN TN TR [N TR TN SR N SN SN S NN T S T
20 40 60 80 100 120 140 .
ces [keV] > No evidence was found for a
fritium-like excess 17

(ces = combined energy scale)



Background model

— BO _ 214Pb . 136Xe _ 124Xe . 83mK1"
| Data 8Kr - Solarr - Materials — '33Xe

\4

Background model includes
@ components

50

40 > Full blind analysis with
S various stages of unblinding
] S
5 -?.)) - Energy range (1-140) keV
i © + Fiducial mass (4.370.14) 1
= O > Exposureis 1.16 t*y

10f &

aa)

——124%e 2vECEC was first

observed in XENONIT, now
.- . it’s a useful validation of the
50 30 To0 120 120 €nergy reconstruction!

Energy [keV] 18

NONO




Unblinding

— B, — 2M4pp - 136xe  _ 124xg __ 83mgy > No excess observed
| Data 85Kr Solar » —— Materials — '33Xe
50 > Spectral shape is
dominated by two 2@
40 order weak processes
>
g ] l l > 24P (from 2%?Rn chain) is
& 307 ] still the dominant
= l } component below 30 keV
ER | _
5 } /\/\} Sy
10 o, ¥~ memmEnI g
) /A A N : : © - " | §
oL . , . . . . 1o A smodua °
L R R AT\ g pinaen
1 1 ] ] ] | 0.‘ 2I0L 4I0l‘6|0 “8|0 1(I)0 -1
0 20 40 60 80 100 120 140 cS1 [PE]

Energy [keV] arXiv:2207.11330 19



Comparison with XENON 1T

Events/(t-y-keV)

120 [

XENONI1T

H

40}

15 20 25 30
Energy [keV]

A.Molinario

. (161 £1.3_ )

events/(t*y*keV)
in (1,30) keV

> Factor ~5 reduction
wrt XENONIT

> An excess of the XENONITT
magnitude is excluded at
8.60

> Excess in XENONIT
probably due to *H
contamination 20



Limits on solar axions

1077 . ,
F i | &
i wsVZ 2
L 1 | o)) 10—10 -8
1 I 10 -
-8 B 1 1 = >|< A 3
107% L g |= s &
F ! ! > 3 Q
: : -« ] EDELWEISS-III
1 1
— ; i XENONHT 1 10-11F — 10-9F Majorana
T 107% i i ; 3 | s ] 5
5 3 1 (This work) 1 . andaX- L _ S
j<B) - 1 | i © LUX &) L I
[ ] = h K
2 [ i i \ ] i XENONnT e . | (this work)
> 1(0—10 LCAST (m, <10 meV)  HB stars - e EZIZZ‘ZZI? ol s s 5 it/ B SLI I
) 3 - T 3 S TR L SR il b stars
- < " E K Su e m— 1 e st W I /\/ {\/
B "i§ :3 r\\ ] white dwarfs .- @ QQ%
[ i 2 - \\ 10-13 s . o o1 S . .
101! 3 :% :E_ csL Z 3 10 0.1 1 10 102 103 102 0.1 1 10 102
i = 12 g ] axion mass [eV/c?] axion mass [eV/c?]
1=h I
n 1 —
i 1 1 —
-12 LI N N
10 10—13 10—12 10—11
Jae

We sef new limifs on solar axions couplings g, and g,

o Limit on 14.4 keV peak for *’Fe solar axions is < 20 events/(*y)
A.Molinario 21



Limit on neutrino magnetic moment

10—10 -

‘m

E,- 10—11 L.
= [
=

10—12

Borexino

71

Gemma

White
dwarfs

Globular
Cluster

T

PandaX-II

1

XENONIT

(S152)

.
XENONDT |

XENONI1T
(S2-only)
(This work) |

A.Molinario

- Constraint on neutrino
magnetic moment
b, <6310y,

> The most stringent limit in any
direct detection experiment

22



Limits on bosonic DM

Axion-like particles (ALPS) Dark photon

10—11 10—11 -

E X-ray and gamma-ray i
- onlifetimea—pp 1

ALP lifetime \
(Tazyy < 13.8 Gyr)\ )

I ‘ U (™ “ 10712
CDEX-1B /i 20 ;
10-12 | ' u" 4 [
i 10-13¢
[ F CDEX-1B
o [ XENONIT :
S (S2-only) ] M 10714 Ay
10_13 3 - 3 R H il
3 ] ~ ]
F F XENON1T™~_

10715 (S2-only)

XENONNT |

Stellar bounds

XENONNT ]

-14 L . - 16 L ]
10 14; (This work) 3 S (This work) ]
I e e ~i—
m, [keV/c?] my [ligV/CZ] 0
Search for a peak gives null result, new limits are set
Since #MKr component (41.5 keV) in unconstrained in the fit,
23

A.Molinario no limits are given in the interval (39,44) keV



~ 4

> Unblinding NR soon, WIMP analysis will
follow

4
\

Ny

» A second science run (SR1) with factor 2
lower radon level is ongoing

MR TR

Follow us for news on XENON Project!

il

@@ xenonexperiment.org
@) xenon_experiment

IJ  XENONexperiment

24




Joining effort and experfise
WIMP Dark Matter Extended Dark Matter
* Spin-independent - * Dark photons beTwee n XE N O N / I_Z G n d

* Spin-dependent * Axion-like particles

o Sub-GeV X -+ Planck mass DARWIN

Inelastic

xlzd.org

* pp neutrinos
* Solar

metallicity 3 ‘ B G

Qo p ARAL ¢
Sun 3 \\\ N\ .|| _ Neutrino Nature @
. PRAN » ’

N AN * Neutrinoless
A \\. \ :
W \ \ double beta decay

© /. * Double electron
7  capture
* Magnetic moment

XENON
DARWIN
LUX-ZEPLIN

Supernova K- A Y . Cosmic Rays
* Early alert : s N D -  Atmospheric
* Supernova neutrinos 2> TR neutrinos

* Multi-messenger astrophysics

J. Aalbers ef al, XLZD white paper
arXiv: 2203.02309 25







The trifium hypothesis

Materials would release HTO or HT
We need H:Xe ~ 10 mol/mol

Atmospheric HTO:H,O ~ 10" mol/mol Assuming HT:H, ~ 10" mol/mol
Required H,O:Xe ~ 100 ppb Required H,:Xe ~ 100 ppb

A.Molinario 27




SAr contamination

2.3+0.2 keV
30 (global)

1.8 2.0

A.Molinario

2.2 2.4
mass [keV/c?]

2.6

2.8

Airleak in XENONIT < 1 liter/year
(rare gas mass spectrometry
constraints)

We need 3 liter/day air leak to
account for the excess by ¥ Ar
contamination!

S Ar gives monoenergetic line at
2.82keV__

Best mono-energetic line fit af
2.3x0.2 keV__

Energy reconstruction in this
energy range validated with 3Ar
calibration

28



Energy resolution

Resolution (o/u) [%]

35 17
30\ — - XENONIT
N =+ XENONNT
25k ‘.\‘ ¢ XENONNT Data
\0
20F N
115 b\
10
5 -
Preliminary
01 10 107

A.Molinario Ene rgy [keV]

- Monoenergetic peaks are
fitted with skew gaussian

> Smearing parameters

(width, skewness) modeled
as function of energy

29



Background model

— By __ 214p}, _ 136%e — 124xe __ 83myy
| Data 8Kr - Solarr - Materials — '33Xe
50
40
S ] l .
ﬁ Component Constraint Fit
5, 30 l 2Ry, (584, 1273) 980 + 120
- 85Kr 90 + 59 91 + 58
= Materials 266 + 51 267 + 51
) 20k } 136X o 1537 + 56 1523 + 54
8 } Solar neutrino 297 + 30 208 + 29
> } 124¥e - 256 + 28
&8 AC 0.70 £ 0.04 0.71 & 0.03
10 } /\/\ 133X ) 163 + 63
——— / \ 83mpcy 80 £ 16
oF A A N — & A i :
2 B * . . . . . .
O Qe T T e T e T e T e
_2 - 3 . s ® . o
| | | | | |
0 20 40 60 80 100 120 140
arXiv:2207.11330 30

Energy [keV]
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